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Abstract
Previous research has indicated that conservation tillage is a viable option for suc‐
cessful peanut production; however, interactions between cover crop residues and
peanut growth are not fully understood. Additional information is needed about
the effects of varying levels of cover crop biomass on peanut growth and develop‐
ment. Level of cover crop residue may also affect the preemergence herbicide activi‐
ty through interception and efficacy of weed suppression. The objectives of this
peanut research were to determine if varying amounts of cover crop biomass would
affect peanut growth, herbicide interception, or weed control. This research also
aimed to determine if cover crop management practices (rolling or standing cover)
would affect herbicide interception rates. The study consisted of a rye (Secale cereale
L.) cover crop planted at three different dates as well as a fallow treatment at two
locations: Dawson, GA, and Headland, AL. Pendimethalin was applied PRE at 1 kg
ai/ha across the entire area just prior to planting of the Georgia 03-L peanut variety.
Soil samples were collected at three different dates after planting for high-pressure
liquid chromatography (HPLC) analysis to determine pendimethalin levels. Peanut
yields differed only between location regardless of cover crop residue level with the
Headland, Alabama, site averaging 4,272 kg/ha and the Dawson, Georgia, site aver‐
aging 2,247 kg/ha. Pendimethalin extraction from soil samples indicated no differ‐
ence in herbicide recovery between winter fallow systems compared to treatments
with cover crops. Weed control ratings taken at 21 and 45 days after planting (DAP)
showed greater weed suppression for cover crop systems for an extended period of
time when higher levels of cover crop biomass are present. Results of this experi‐
ment indicate the inclusion of cover crops in a conservation-tilled peanut system
can be a successful alternative to winter fallow systems without reducing peanut
yield or herbicide efficacy.
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1. Introduction
Peanut offers significant value to agricultural producers in the southeastern United States each
year with approximately 530,000 ha harvested in the United States in 2014 [1]. In recent years,
time and money savings offered by conservation systems through reduced labor and tillage
practices have led to an increase in peanut production under these systems [2–6]. Govern‐
mental incentives offered to producers meeting certain criteria pertaining to the practice of
conservation tillage have also aided in increasing adoption rates of these practices [7].
In addition to reduced production costs, other benefits of conservation tillage are well
recognized throughout agricultural literature, including reduced soil and water loss, increased
soil organic matter, improved soil structure, higher-quality stand establishment, and less
incidence of disease [8–12]. Cover crop integration into conservation tillage systems further
enhances benefits achieved through reduced tillage practices when compared to winter fallow
systems [13–16]. Despite the advantages and growing interest, peanut production under
conservation tillage systems still lags behind conventional production methods owing to
producer concern over yield reduction either through digging losses or through reduced
pegging due to cover crop residue impediment [17–19]. Furthermore, the use of cover crops
with high biomass may reduce the efficacy of preemergent herbicides and increase producer
reliance on postemergent formulations [20–22].
Since the introduction of dinitroaniline herbicides, such as pendimethalin, peanut producers
have been integrating this soil-applied, preemergent herbicide into the herbicide regime in
order to achieve weed suppression of small seeded annuals [23]. The use of these soil-applied
herbicide treatments provides residual activity for several problematic weed species and can
reduce the dependency on postemergent herbicide formulations. The growing interest in
conservation tillage systems, specifically strip-tillage, in peanut has created an even greater
demand for successful herbicide treatment plans due to the loss of weed control from weed
seed burial through tillage [24,25].
Pendimethalin is frequently used in reduced-tillage systems due to its high water solubility
and low volatility in comparison with other dinitroaniline herbicides [26]. However, there is
uncertainty as to whether an acceptable level of weed control can be achieved in peanut
systems that include a high level of cover crop biomass due to a physical barrier of residue
impeding the movement of the herbicide to the soil surface. Efficacy of pendimethalin, which
is tightly sorbed to plant residue, can subsequently be reduced if substantial amounts of the
herbicide are intercepted by the cover crop biomass [27,28].
Further questions also remain in regard to cover crop management practices and their role in
reducing cover crop interaction with soil-applied herbicides in reduced-till peanut systems.
Typical termination practices for cover crops include treating the cover with a nonselective
herbicide (glyphosate or paraquat) 2–4 weeks prior to the primary crop plant date and leaving
standing residue as a cover [29]. Standing residue will reduce soil and water loss but can hinder
planting operations by clogging the planter between the row cover [30]. Mechanically rolling
or crimping plant residue, used in conjunction with termination herbicides, is another option
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for effectively managing cover crops prior to planting [29]. This management system, although
less frequently used, increases cover crop termination efficacy with the inclusion of an
herbicide while effectively creating a dense layer of residue. This layer of cover crop biomass
can reduce soil moisture evaporation, subsequently reducing soil strength in comparison with
standing residue, and reduce weed seedling emergence [31,32]. While there are many benefits
to rolling cover crop residue, concerns exist in regard to increased interception of preemergent
herbicides by a dense horizontal layer of plant matter covering the soil surface.
The objectives of this study were to determine the impact of differing levels of biomass residue
on peanut production systems in terms of yield and weed control. Moreover, we hope to
determine how herbicide interception is affected in different levels of biomass as well as under
different termination management strategies to include standing residue and mechanically
rolled residue practices.
2. Materials and methods
Field experiments were conducted from the fall of 2006 to the fall of 2008 at the Hooks Hanner
Environmental Resource Center in Dawson, GA, and the Alabama Agricultural Experiment
Station’s Wiregrass Research and Extension Center (WREC) in Headland, AL. Soil types were
mostly a Greenville sandy clay loam (fine, kaolinitic, thermic Rhodic Kandiudults) at the
Georgia site and a Dothan fine sandy loam (fine-loamy, siliceous, thermic Plinthic Paleudults)
at the Alabama site. Experimental layout was a randomized complete block split-plot restric‐
tion design with three replications at each site. The main effect of cover crop residue levels
(low, medium, high, or fallow) was determined by planting date. Subplots consisted of cover
crop termination practice (herbicide and herbicide plus rolling) and herbicide selection
(paraquat and glyphosate).
Three fall planting dates of rye (Secale cereale L.) spaced approximately 30 days apart were
conducted from October through December at each location for both years. Seeding rates were
100 kg/ha at the Headland and Dawson sites. Cover crops were planted using a Great Plains
No-Till1 drill. Termination of rye and fallow plots was conducted in early May, 3 weeks prior
to peanut planting (except at the Dawson site where planting was delayed until June for both
years) with either glyphosate at 1.7 kg ai/ha or paraquat at 0.84 kg ai/ha. Aboveground ¼ m2
biomass samples were randomly taken from all plots just before termination and dried at 60°C
to determine the dry weight. Cover crop residue was then either left standing or mechanically
rolled prior to planting.
Peanut (cv Georgia 03-L) was planted into a strip-tilled system each spring at a rate of 18 seed/
m. Strip-tillage, the predominant choice of conservation systems for peanut farmers, was
performed using KMC2 ripper to prepare a 30- cm-wide seedbed area. Plot size was four 10-
m rows on a 91-cm spacing for the Headland location and six 10-m rows on a 91-cm spacing
for the Dawson site. Pendimethalin was applied as a preemergence treatment across the
experiment at a rate of 1 kg ai/ha each year.
Soil samples were collected from each experiment at 7-, 14-, and 21-day increments after
pendimethalin application (except at WREC in 2007 due to an oversight). Four random
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subsamples were collected and combined for each of the sampled plots. Collection of soil was
done with a stainless steel flat scoop to include the upper 2 cm of the soil surface. Samples
were wrapped in foil before being placed in plastic bags to reduce herbicide adsorption to the
plastic and subsequently stored in a cooler for storage until processing. Prior to storage,
gravimetric water content of the soil was determined with a 20-g portion of each sample.
Preparation of soil samples for HPLC analysis was conducted based on procedures described
by Potter et al. [26]. Samples (50 g each) were processed through a 2-mm sieve and placed in
250-mL glass bottles for extraction with three repetitions using 50 mL of methanol. After
extraction, samples were vacuum-filtered and the extract was reduced using a rotary evapo‐
rator system to 5 mL. The extract was then reconstituted to a 10-mL volume with 1 g of the
extract subsequently being placed into an auto sampler vial along with 10 μg of 0.5-mg/ml 2-
chlorolepedine (an internal standard added by the laboratory prior to analysis). In addition,
spray targets (70-mm Whatman cellulose filter paper3) collected at the time of pendimethalin
application were extracted in 25 mL of methanol and then diluted to a 1:10 ratio. A 1-g sample
was then prepared for analysis in the same manner as soil sample extracts. High-pressure
liquid chromatography (HPLC) was then conducted by the USDA-ARS Southeast Watershed
Research Laboratory in Tifton, GA.
In addition, visual weed control ratings on a 0–100% scale with 0 being no control were
conducted at 21 and 45 DAP. Peanut yield was calculated with the middle two rows after
digging and harvesting at each site. During the experiment, additional management practices
(including insect control and nutrient management) followed the respective state’s recom‐
mendations for peanut growing practices.
Data analysis was conducted using the GLIMMIX procedure in SAS4 to compare treatment
effects on yield as well as weed control rating comparisons at α = 0.05. Non-transformed data
were used for yield comparison; however, arc sine transformation was used to improve
variance in weed control data.
3. Results and discussion
3.1. Yield
Main effect differences were only noted between locations (P < 0.0001) with Headland having
greater yields in both years of the experiment with 4,432 kg/ha and 4,112 kg/ha for 2007 and
2008 compared with Dawson yield over treatments at 1,775 kg/ha and 2,718 kg/ha (Table 1).
Historically, Georgia’s average yield is more than the expected yield for Alabama producers
with recent 2014 yields for Georgia (4,600 kg/ha) and Alabama (3,600 kg/ha) reflecting this
slight difference [1]. The disparity between annual averages and experimental peanut yields
could potentially be attributed to the general trend toward irrigation for peanut production in
Georgia as opposed to dryland production in Alabama (172,000 ha and 56,000 ha, respectively,
in 2014) [1]. For this experiment, neither site was under an irrigation system for the duration
of the growing seasons.
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Yield (kg/ha)
Residue Level Year
Fallow Low Medium High Average
2007 4,441 4,525 4,441 4,319 4,432
Headlanda 2008 4,268 3,961 3,939 4,279 4,112
Average 4,355 4,243 4,190 4,299 4,272
2007 1,553 1,587 1,815 2,147 1,775
Dawsonbc 2008 2,311 2,401 2,840 3,319 2,718
Average 1,932 2,733 2,313 1,994 2,243
aYield differences are significant between locations (P < 0.0001).
bYield differences are significant between years within location (P = 0.0143).
cYield differences are significant between high and fallow residue levels within location for each year (P = 0.0054).
Table 1. Yield for 2007 and 2008 for the Headland and Dawson experimental sites.
Year
Residue Level Time (d) 2007 2008
–––––––––––––––μg/g–––––––––––––––
Fallow 7 –––– 0.2334a
14 0.1074A 0.1089b
21 0.0714A 0.1085b
Low 7 –––– 0.3234c
14 0.2398B 0.1936a
21 0.0911A 0.1333b
Medium 7 –––– 0.2348a
14 0.1371A 0.0891b
21 0.0633A 0.0944b
High 7 –––– 0.2667ac
14 0.1516AB 0.0897b
21 0.1198A 0.0546b
*Values followed by same letter in same year are not significant at α = 0.05.
Table 2. Pendimethalin residue recovered through soil extraction process for Headland. *
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Year
Residue Level Time (d) 2007 2008
–––––––––––––––μg/g–––––––––––––––
Fallow 7 0.5471A 0.1809a
14 0.3280C 0.2166a
21 0.3150CD 0.1722a
Low 7 0.4576B 0.3600b
14 0.4453B 0.2976b
21 0.3645BC 0.1601a
Medium 7 0.4550B 0.3140b
14 0.4111B 0.1760a
21 0.2558D 0.1457ac
High 7 0.4075B 0.3201b
14 0.3983B 0.1332ac
21 0.2783CD 0.0890c
*Values followed by same letter in same year are not significant at α = 0.05.
Table 3. residue recovered through soil extraction process for Dawson. *
The location and year of interaction were significant (P = 0.0047) with 2008 yields being higher
than 2007 for Dawson and yields for Headland being higher in 2007 (Table 1). With low rainfall
amounts in comparison to historical averages (Figure 1), reduced 2007 peanut yield for Dawson
would be expected due to inadequate rainfall [31]. In 2008, yearly rainfall surpassed average
annual rain totals with substantial rainfall occurring in the summer prior to harvest at the
Dawson location. Headland rainfall was below average for both 2007 and 2008 (Figure 2), but
monthly rainfall totals during the growing season were sufficient for above-average yield
(Table 1). Overall, Headland peanut yield for both years of the study, regardless of rain total
amounts, was considerably greater than average peanut yields across Alabama.
Yield comparison between fallow treatments and rye cover crop treatments within each
location  indicated  a  difference  in  yield  between  high-residue  treatments  and  fallow
treatments at the Dawson site with high-residue treatments having increased peanut yield
by 260 kg/ha in 2007 and 1,010 kg/ha in 2008 (Table 1). The increase in peanut yield under
high-residue treatments occurred at  the Dawson site  both years,  although no significant
increase in  biomass residue was noted for  2007 (Table  1;  Figure 3).  Headland did have
differences between residue levels for both years (Figure 3), but no yield differences were
noted for the Headland site (Table 1).
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Figure 1. Annual rainfall totals for 2006, 2007, and 2008 along with an historical average over the past 30 years for
Dawson, GA.
Figure 2. Annual rainfall totals for 2006, 2007, and 2008 along with an historical average over the past 30 years for
Headland, AL.
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Figure 3. Biomass yield in kg/ha for 2007 and 2008 for the Headland and Dawson experimental sites. Values followed
by same letter in same sampling time are not significant at α = 0.05.
3.2. HPLC analysis
Analysis of soil extraction samples detected both pendimethalin and its metabolite, pendime‐
thalin alcohol, 4-[(1-ethylpropyl)amino]-2-methyl-3,5-dinitrobenyzl alcohol. The metabolite
data are not presented in this study due to trace amounts detected uniformly throughout the
samples (<0.05 μg/mL). Recovered pendimethalin is presented by location and year (Figure
4) due to differences detected between these main effects. The general trend in recovery rate
indicated the Dawson site, regardless of year, had higher pendimethalin recovery throughout
the 21-day sampling period (Figure 4). No difference in pendimethalin recovery was noted
between standing and rolled cover crop treatments.
Figure 4. Average pendimethalin residue recovered through soil extraction process by year and location. Values fol‐
lowed by same letter in same sampling time are not significant at α = 0.05.
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Within location and year, pendimethalin recovery was generally higher for 7-day samples than
later sampling dates from expected rapid initial dissipation due to volatilization, photodegra‐
dation, microbial metabolism enhanced by warm soil temperatures and soil moisture, and
chemical decomposition [21,27,33]. Increases in pendimethalin recovery amount were noted
for winter fallow treatments in comparison to cover crop treatments for only the Dawson site
in 2007 (Tables 2 and 3). Previous research has reported increased dissipation of preemergence-
applied herbicides in cover cropping systems compared to systems with no cover crop [21,34].
In our study, only one site had increased biomass yield for cover crop treatments in compari‐
son to fallow treatments (Figure 5); the limited differences between biomass residues in this
study at the Dawson site could potentially mask any effect increased cover crop residue may
have on herbicide movement to the soil; however, pendimethalin recovery was not greater for
fallow treatments at the Headland site where biomass yields were higher in heavy-residue
treatments.
      
(a) Fallow         (b) Low  
   
(b) Medium         (d) High 
                         
          ‐          
 
 
 
 
 
 
 
Figure 5. Percent pendimethalin recovered from Dawson during the 2007 growing season at three collection times dur‐
ing a 21-day period after herbicide application.
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Although no difference between pendimethalin recovery amounts under different cover
treatments was indicated by the results, the amount of pendimethalin extracted from the soil,
when viewed as percentages recovered (Figures 5–8), was never greater than 50% of total
herbicide applied at the 7-day sampling date. Previous publications investigating pendime‐
thalin dissipation under varied environments have reported half-lives from 10 to 30 days or
longer [21,33,36]. These low recovery percentages would suggest herbicide interception, to a
degree, in all cover treatments. However, without a comparative pendimethalin dissipation
rate under no residue with similar environmental conditions, it is difficult to determine
between what proportion of unrecovered pendimethalin was intercepted and sorbed to plant
residue and how much was lost through dissipation and degradation.
 
 
 
 
   
(a) Fallow         (b) Low 
   
(b) Medium         (d) High 
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Figure 6. Percent pendimethalin recovered from Dawson during the 2008 growing season at three collection times dur‐
ing a 21-day period after herbicide application.
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Figure 7. Percent pendimethalin recovered from Headland during the 2007 growing season at two collection times
during a 21-day period after herbicide application.
3.3. Weed control
Dominant weed species at the Headland experiment site were nutsedge (Cyperus sp.) and
smallflower morning glory [Jaquemontia tamnifolia (L.) Griseb.]. Weed species present at the
Dawson site included Palmer amaranth (Amaranthus palmeri S. Watson) and smallflower
morning glory. Weed analysis is presented by species at 21 and 45 days after planting (DAP)
and averaged over the duration of the experiment due to no difference between years. Residue
level was a significant main effect; however, cover crop termination method had no effect on
weed control. No interactions were significant for either time period of weed ratings. At 21
DAP, control of smallflower morning glory in Headland was 90% or greater for all residue
levels; however, medium- and high-residue treatments had slightly better control at 94%
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(Table 4). Weed control 2 weeks later indicated suppression of smallflower morning glory by
greater than 70% for all treatments, but all cover crop treatments had greater suppression
regardless of residue level (Table 4). Nutsedge, like smallflower morning glory, was controlled
by 90% or greater at 21 DAP in all residue treatments at Headland, but all cover crop treatments
had slightly greater control than fallow treatments (Table 5). At 45 DAP, control of nutsedge
was similar to that of smallflower morning glory in that suppression was greater than 70% for
all treatments, but greatest weed control was achieved in medium- and high-residue treat‐
ments (Table 5).
At the Dawson site, Palmer amaranth control at 21 DAP was greater in all cover crop treatments
compared to fallow treatments (Table 6). Control ratings 2 weeks later indicated greater control
of this species by high-residue treatments only (Table 6). Smallflower morning glory followed
 
 
   
(a) Fallow         (b) Low 
   
(b) Medium         (d) High 
                         
          ‐          
 
 
 
 
 
Figure 8. Percent pendimethalin recovered from Headland during the 2008 growing season at three collection times
during a 21-day period after herbicide application.
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a similar trend for both the 21 and 45 DAP control ratings as Palmer amaranth. The first rating
revealed greater suppression by all cover crop treatments and the subsequent control rating
indicated higher suppression for medium- and high-level cover crop systems (Table 7).
21 DAP 45 DAP
Treatment Mean P-value 95% CI Mean P-value 95% CI
Fallow 51 –––––– (46,57) 62 –––––– (55,69)
Low 93 <0.0001 (88,98) 60 0.9499 (52,67)
Medium 94 <0.0001 (89,99) 72 0.1424 (65,79)
High 94 <0.0001 (89,99) 60 0.0061 (71,86)
Table 6. Weed control in Dawson of Palmer amaranth by residue treatment in comparison with fallow treatment at 21
and 45 days after planting (DAP).
21 DAP 45 DAP
Treatment Mean P-value 95% CI Mean P-value 95% CI
Fallow 54 –––––– (48,61) 63 –––––– (56,70)
Low 95 <0.0001 (90,99) 84 0.2143 (62,75)
Medium 95 <0.0001 (89,99) 76 0.0093 (69,82)
High 96 <0.0001 (89,99) 69 <0.0001 (77,90)
Table 7. Weed control in Dawson of smallflower morning glory by residue treatment in comparison with fallow
treatment at 21 and 45 days after planting (DAP).
Previous research has suggested that the use of cover residue could potentially decrease the
efficacy of preemergent herbicides and, subsequently, reduce crop yield under high-residue
21 DAP 45 DAP
Treatment Mean P-value 95% CI Mean P-value 95% CI
Fallow 91 –––––– (90,93) 74 –––––– (72,77)
Low 93 0.2520 (92,95) 80 0.0052 (78,83)
Medium 94 0.0205 (93,96) 86 <0.0001 (84,90)
High 94 0.0202 (93,95) 83 <0.0001 (81,86)
Table 4. Weed control in Headland of smallflower morning glory by residue treatment in comparison with fallow
treatment 21 and 45 days after planting (DAP).
21 DAP 45 DAP
Treatment Mean P-value 95% CI Mean P-value 95% CI
Fallow 90 –––––– (89,91) 74 –––––– (72,77)
Low 94 0.0002 (92,96) 78 0.0814 (76,80)
Medium 95 <0.0001 (94,97) 82 <0.0001 (82,87)
High 95 <0.0001 (94,96) 81 <0.0001 (81,86)
Table 5. Weed control in Headland of nutsedge by residue treatment in comparison with fallow treatment at 21 and 45
days after planting (DAP).
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cover cropping systems [21,27]; while other researches have indicated that cover crops used in
conjunction with PRE herbicide applications achieve similar weed control as peanut systems
that utilize both PRE and POST herbicides [37]. The results of this experiment suggest that the
use of cover crops, at any level of residue, can be viewed as a feasible alternative to fallow
systems without increased herbicide sorption or reduced peanut yield. Moreover, the use of
these cover crops when higher levels of residue are achieved may even offer greater weed
suppression for a longer period of the growing season, providing producers with a cost-
effective means to combat weed infestations without an overdependence on early postemer‐
gent herbicide applications.
4. Sources of materials
1 Great Plains No-Till drill, Great Plains Mfg., Inc., 1525 East North Street, Salina, KS 67401.
2 KMC ripper, Kelly Manufacturing Company, 80 Vernon Drive, Tifton, GA 31793.
3 Whatman cellulose filter paper, Whatman Inc., 800 Centennial Avenue, Piscataway, NJ 08854.
4SAS software, version 9.1, 2002–2003, Statistical Analysis Systems Institute Inc. Cary, NC
27513.
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